The new quasi-axisymmetric experimental device, the Chinese First Quasi-axisymmetric Stellarator (CFQS), is planned to be constructed in the South West Jiaotong University (SWJTU) in China. This project is a joint project of the National Institute for Fusion Science (NIFS) and the SWJTU. The present equilibrium configuration for the CFQS is shown in this paper, of which typical parameters are as follows: The major radius is 1.0 m, the toroidal magnetic field strength is 1.0 T, and the aspect ratio is 4.0. The CFQS is a quasi-axisymmetric stellarator, therefore the bootstrap current is expected like tokamaks. The amount of the bootstrap current is estimated by the BOOTSJ code. After that, the effects of the bootstrap current on the quasi-axisymmetric property and the neoclassical diffusion coefficient are estimated. The change of the quasi-axisymmetric property due to the bootstrap current is small and the good neoclassical transport property is maintained.
Introduction
The magnetic field configuration of helical device is produced by external magnetic field coil system. Therefore, those devices have an advantage of steady state operation as a future nuclear fusion reactor. However, the neoclassical transport of a conventional stellarator is not good in the collision less regime, so called in the 1/ regime ( is collision frequency), because the diffusion coefficient is proportional to 1/ and the neoclassical transport degrades in the reactor relevant plasma parameters. Various optimized stellarator configurations were proposed and constructed as real experiment devices during the last several decades, for example, Helically Symmetric eXperiment (HSX) [1, 2] and Wendelstein 7-X (W7X) [3] . Magnetic field configurations of these devices are optimized well, and the neoclassical transport in the 1/ regime is improved as well as Magnetohydrodynamics (MHD) stability properties. A quasi-axisymmetric stellarator (QAS) is one of the optimized stellarators, of which magnetic configuration has axisymmetry in magnetic coordinates, i.e. the Boozer coordinates [4, 5] . Therefore, the neoclassical transport properties become similar to that of tokamaks, although the inductive driven current is not essentially required. So, the QAS is a kind of tokamak like stellarator, and this device has both advantage points of stellarators and tokamaks. The Chinese First Quasi-axisymmetric Stellarator (CFQS) is a future QAS, which will be constructed in the South West Jiaotong University (SWJTU) in China. This project is the National Institute for Fusion Science (NIFS) -SWJTU joint project (NSJP), and experiments in this device will be conducted cooperatively by these two organizations. Now, design works of physics and engineering aspects of this device are ongoing. At present, proposed parameters of this device are as follows: The toroidal magnetic field B t = 1.0 T, the major radius R = 1.0 m, and the aspect ratio A p = 4.0. Another option of major radius R is 1.2 m, however, in this paper, only the case of R = 1.0 m is discussed because the basic characteristics are similar. The equilibrium configuration of the CFQS is presented, and then the bootstrap current and its effect on quasi-axisymmetric configuration are examined.
Equilibrium and modular coil system of the CFQS
The present equilibrium configuration of CFQS is determined based on the CHS-qa, 2b32 configuration [6] , of which aspect ratio is 3.2. This configuration was previously considered as a post CHS project. Based on this configuration, the geometry of outermost magnetic surface of the CFQS is determined, therefore, the toroidal periodic number of the CFQS is chosen to be 2. For the low aspect ratio of compact size machine (e.g. R = 1.0 m), the difficulty is expected in the fabrication of modular coil system, so the aspect ratio of 4.0 is selected for the CFQS. The geometry of outermost magnetic surface is determined before designing the magnetic coil system. After that, the modular coil system is optimized to realize the geometry of this target outer most magnetic surface, which is the similar way as other optimized stellarators [7, 8] . In this coil optimization, the averaged normalized normal component of magnetic field B·n/|B|, which is produced on the target outer most magnetic surface by modular coil system, is reduced to be zero, and simultaneously engineering properties of filament coils, such as minimum distance between coils and minimum curvature radius of coils are also taken into account. The modular coil system is optimized by the NESCOIL code [9, 10] . The total number of modular coils for the CFQS is 16, and the minimum distance between coils and the minimum radius of curvature of coils are 18.5 cm and 21.5 cm respectively (these values are estimated for filament structure coils [11] ). The free boundary VMEC [12] equilibrium result for the volume-averaged beta, , of 0 % is shown in Fig.1 .
Toroidal cross sections at the toroidal angles of 0, 45, 90 degrees are shown in this figure. In Fig.2 , the radial profile of rotational transform and magnetic well depth is shown. The typical rotational transform is 0.4, and the profile is weak shear like other optimized stellrarotrs. In the entire region, the magnetic well property is achieved. 
The estimation operation parameter regime from the ISS95 scaling law
To estimate the operation parameters of CFQS, the ISS95 scaling law [13] is used. The formula of this scaling low is written as follows, ) is assumed. The estimated electron temperature as a function of heating power is shown in Fig. 3 . The 3 cases of H factor (H f ), which means the improved factor of confinement time, are considered in the figure. The expected T e0 is from 3.0 to 4.6 keV for the heating power of 1 MW.
The bootstrap current and its effect on the configuration
In the QAS, the large bootstrap current is expected because that the neoclassical properties of that are like tokamaks, which is similar situation to the CHS-qa [14] . The magnitude of bootstrap current is estimated by using the BOOTSJ code which uses semianalytic formula in the collision-less limit [15] . The temperature and density profiles are assumed as, T = T 0 (1- 2 ) and n e = n e0 (1- ), respectively. And T i0 = 0.75 T e0 are assumed. In Fig. 4 (a) , the radial profile of n e , T e , T i are shown. Fig. 4(b) shows the normalized collisionality of  Fig. 7 . The bootstrap current is proportional to , and it is about 35 kA at the  of 1.5%.
The effect of the bootstrap current on the neoclassical transport is investigated with the NEO code [16] . By this code, the radial profile of the effective helical ripple,  eff , can be estimated. The neoclassical diffusion coefficient, Fig. 8 . This figure shows the radial profiles for the free boundary VMEC equilibrium in various beta (taking into account the bootstrap current).
The  eff 3/2 profile of the fixed boundary VMEC equilibrium for CHS (R ax = 92.1cm,  = 0.0%) [17] is compared with that of the CFQS. The  eff 3/2 of the CFQS is about three orders less than that of CHS. Moreover, a good confinement property of the neoclassical transport is maintained although  is increased.
In a quasi-axisymmetric configuration, the rotational transform is increased by the bootstrap current like tokamak. The radial profiles of rotational transform for various beta are shown in Fig. 9 . By the increase of beta, the rotational transform crosses the rational values, e. g. 0.4, 0.5. The stability analysis is required to check the effect of the rotational transform change, and that will be analyzed by the ideal MHD calculation code such as the TERPSICHORE [18] code.
Summary
The present CFQS equilibrium of R=1.0 m, B=1.0 T is shown. The operation regime of the CFQS is estimated from the ISS95 scaling law. The bootstrap current is estimated by the VMEC free boundary calculation, and it reaches 35 kA at  = 1.5 %. The effect of the bootstrap current on the quaxi-axisymmetry and the neoclassical transport is investigated. This effect is not large and good neoclassical transport properties are maintained up to the average  of 1.5%, which was confirmed by the NEO code.
The detail study of stability by MHD code are future issues. 
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